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Abstract 
The present paper employs linear programming for the optimization of agricultural income generated by energy crops for the 
prefecture of Evros.  To be more specific, we optimize agricultural income from soybean, the sunflower (proxy for energy crop), 
corn under different scenarios having as restrictions the value of the subsidies as a proxy for EU policy the value of inputs (costs 
of capital and labour) and under the irrigation conditions. Three different scenarios will be taken into consideration regarding the 
implementation of Common Agricultural Policy. The results of different scenarios under which the Common agricultural policy 
is implemented will provide us with an insight on the identification of energy crops for which the agricultural income is a 
potential significant motive to the farmers for their adoption related not only to other energy crops but also conventional crops. 
According to our findings higher income is acquired by the cultivation of the sun flower compared to that of rapeseed in non-
irrigated areas while in irrigated areas highest income comes from the crop of corn compared to the crop of sunflower and 
rapeseed. The practical value of the present work stands on the formation of a structure of different energy crops that secure 
income maximization, while if we take into consideration crops with limited needs in non- cultivated areas with less fertile soils 
might also contribute to the formation of rural development 
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1. Introduction 
Energy is considered the most important input for economic growth. For the countries with oil import 
dependency the use of renewable energy sources is a necessity not only for economic but also for environmental 
reasons. To be more specific, the extensive use of biodiesel and biomass within the last few decades is attributed to 
the global effort to reduce greenhouse gas emissions in order to mitigate the greenhouse gas effect. Three 
generations of biofuels can be found. The first generation of biofuels (which is the main focus of our study) involve 
the biofuels produced from food crops including oilseeds and grains, (Mohr and Raman, 2013) and therefore the 
extensive use of biomass promoted the intensification of their cultivation within the last few decades. Within this 
new situation, energy crops have become a subject of extended survey within different scientific fields and with the 
assistance of different methodologies. The promotion of biodiesel and in particular the cultivation of energy crops is 
strongly affected by the policy tools of EU (Nielsen et.al, 2007).  Generally, energy crops are perceived as a non-
traditional land use option and consequently are strongly competed by other more standard uses of farmland. 
Uncertainty in that case should be outweighed by a satisfactory income that may well provide an outstanding motive 
for their selection. Furthermore, the decision to adopt energy crops is a result of interdependence of the financial 
returns, along with other higher returns of competing activities for instance due to the increasing price of an 
alternative crop achieved (i.e wheat) the preceded time period. Last but not least, we have to mention that the 
dissemination of information spread through differentiated channels involving technical and agronomic aspects of 
cultivation, as well as economic returns and contract agreements on energy crops may also affect a farmer’s decision 
(Valentine et.al, 2012). As already mentioned the role of CAP seems to be pivotal in the adoption of energy crops 
and for that reason has to be further analyzed. The major priority of CAP is the improvement in agricultural 
productivity, in order to secure stability in the supply of agricultural products with a limited volatility in their prices. 
This stylized fact may well affect the agricultural income as well as the welfare of the consumers of agricultural 
products. The main objectives of CAP concern every member in European Union while the achievement of the 
aforementioned objectives requires financial assistance for the farmers and the rural areas financed by EU budget 
consisting almost 40% of the total amount. The amount is attributed to the fact that CAP is the only policy in EU 
financed solely by EU in contradiction to the rest of the public policies that in most cases are co – financed by the 
member states.   
In particular, the CAP reform in 2013, that is expected to be valid until the year 2020 involve a reduction of 
expenditures for CAP and the beneficiaries.  The expenditures are expected to decrease about 13% for the first pillar 
and 18% for the second (as depicted in figure 1). 
 
 
Source : European Parliament, Directorate General for Internal Policies, Policy Department B : European Council Conclusions on the Multiannual Financial Framework 2014-2020 and the 
CAP, July 2013. 
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Fig.1: Expenditure reduction of CAP for the two pillars 2013-2020 in ΕU-28 (Billions in  €). 
Regarding the impact of CAP on the agricultural income is synopsized in the support of the farm income and to 
the restriction of the existing volatilities attributed to the price instability and the natural risks confronted by the 
farmers in comparison to the other sectors.  One more reason is that the agricultural sector has in average the lower 
profitability rates in relation to the other sectors.  
Implicitly, CAP intends the improvement in the competitiveness of the agricultural sector due to the adding value 
resulting in the fact the European product to become more competitive in the global market. In addition, to promote 
the rural development by supporting areas with low productivity, in order not to be deserted.  
 
 
                                                               Source: Eurostat.      
Fig. 2: Evolution of farm income (index Α)† compared to the other sectors of the economy in Greece for the time period 2003-2013.     
In our modern times there are certainly not a few problems that have to be confronted by the reformed CAP. The 
most important of those are the following; i) Food security in EU and food quality control ii) Protection of the 
environment and the climate change iii) reform in direct aids. Regarding the first problem is related to the increasing 
demand related to the population growth and the development in BRIC countries (Brazil, Russia, India and China), 
given that the major role of Farming is food production. For instance, in the case of China, the demand for food has 
increased within the last few years significantly and thus the production has to increase at about 60% for the next 40 
years (Popp et al 2014). There EU in terms of a global economy has to be in position to contribute to the global 
demand for food and for that reason to maintain and improve its production ability.  In addition the food quality has 
to be maintained and to motivate the producers to prefer organic farming and integrated farming. As far as the 
second problem is concerned it is well known that farming affects the environment and contributes to the climate 
change with the use of fertilizers and others. The mono culture systems reduce the biodiversity of the agro 
ecosystem exhaust and pollute the water sources being responsible for the soil degradation.  European Union 
promotes through CAP farming practices that amplify biodiversity in order to protect the ecosystem. Climate change 
and the greenhouse phenomenon is another issue to be confronted according to the Directive related to the 
renewable energy consumption (Directive 2009/28/EU), 20% of the total energy consumption has to come from 
renewable sources, 10% of the gas and diesel has to come from biofuels until 2020. In addition European 
community has as target the reduction of the gas emissions   (GHG) reaching 30% until 2020, 50% until 2050 
compared to the emissions of 1990 and is committed reaching 20% until 2020 (COM 2007). 
 
 
 
† Index of real income of the factors of production function in farming per labour unit  
70
80
90
100
110
120
130
140
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Agriculture sector (index A) Constructions sector
Industrial sector Services sector
391 Papadopoulos Dimos et al. /  Procedia Economics and Finance  33 ( 2015 )  388 – 397 
 
Source: Eurostat. 
Fig. 3: Proportion of renewable energy sources in the total energy consumption  
CAP motivates the producers for the adoption of environmental friendly farm practices and changes in the 
production processes in order to restrict the waste of natural resources. Furthermore green development through new 
technologies also promotes innovation and the production of new products. The most common way through which 
CAP affects the agricultural income is the direct aids. To be more specific, the farming income is formatted by the 
production and the subsidies received by the producer and consequently the changes occurring are attributed not 
only to price volatilities but also in changes of agricultural policy concerning EU subsidies. CAP reform involves 
changes in the regime of subsidies. Beneficiaries of this aid will be only the active farmers.  In order a more fair 
distribution of the subsidies to be achieved the system of direct aid will not provide financial aid per member state 
and per farmer according to the past revenues (rights) but green subsidies will be provided having as a criterion the 
implementation of sustainable farm practices and rural development. That is the subsidies will be based on the 
provision of environmental goods. Furthermore there will be a gradual reduction of the direct aid accordingly the 
income of the producer. In direct aids are included the Basic Subsidy regime, the «Green » Aid, 
 an innovation in CAP and is connected to the measures of the first pillar for the provision of environmental goods, 
the Aid for young farmers in order the new farmers to be attracted and encouraged, the aid for smallholders, the 
optional aid intended for producers in disandvantegous areas in order the rural development to be achieved. The 
implementation of different tools can provide different scenarios and their impact on the agricultural income is the 
main objective of the particular manuscript. Thus, the present study makes an effort with the assistance of 
mathematical programming to determine the most attractive structure of cultivation including energy crops in terms 
of income, as well as the selection among sunflower, and rapeseed (irrigated), while in the case of non arable crops, 
a comparison with corn as a non- energy crop is presented under the regime of three different policy scenarios for 
the region of Evros in Greece. This study is expected to provide answers for the selection of an energy crop while 
also for the case of corn may well provide us with answers on the determinants of the selection of an energy crop the 
risk as expressed by the European Union subsidies or the higher net income as calculated without the inclusion of 
subsidies.    
  
  
2. Economic and environmental implications of energy crops 
The demand for energy in EU presents within the last decades an increasing trend. Energy production is 
responsible for the 80% of the greenhouse gas emissions (GHG) in EU ( COM 2007/ 1 final), and for that reason EU 
issued a directive regarding the promotion of renewable energy (Directive 2009/28/EU). The main targets of the 
particular directive included an increase in the amount of renewable energy used until 2020 in order the GHG to be 
reduced to an amount of 20 % compared to those emitted in 1990, of which 20% of the total produced energy to 
come from renewable energy and 20% an improvement in the efficiency of energy through innovations in 
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technology 20/20/20 (COM 2014/Final) and 10% of gas and diesel to be produced by biodiesel. All EU countries 
have adopted national renewable energy action plans indicating what they intend to implement in order to meet their 
renewables targets. To be more specific, these targets include sectorial targets for electricity, heating and cooling, 
transport; planned policy measures; the different mix of renewables technologies they expect to employ; and the 
planned use of cooperation mechanisms. 
Within this new environment and given that the cultivation of energy crops is a perquisite for the production of 
bioenergy, the particular subject allures the scientific interest. The extensive use of bioenergy entails significant 
advantages like reduced foreign energy dependence, improved rural economies and achieved environmental goals, 
but on the other hand important issues arise.  
For instance it is still under question whether the energy crops are carbon neutral. Furthermore, unintended 
consequences of biofuel production and use including also other potential economic, social, and environmental 
impacts, refer to food security, environmental justice, and biodiversity conservation (Lὸpez-Bellido and Lὸpez-
Bellido, 2014; Jaradat, 2010;De Gorter and Just, 2010). 
 To be more specific, bioenergy may lead to indirect land use change, resulting from displaced food and feed 
production. Though, the repercussions of indirect land use change, related to biofuels policies, continue to be a 
matter of argument in the literature, while attention to the unintended consequences of biofuel production and use 
has initiated a long discussion on other potential economic, social, and environmental impacts, including effects on 
food security, environmental justice, and biodiversity conservation (De Gorter and Just, 2010). 
The selection of energy crops entails a replacement of other more standard uses of farmland that actually may put 
into risk the stability of agricultural income while it may also harm the principle of food security served by CAP.  
On the other hand, the substitution of conventional energy sources like fossil fuel with biodiesel or bioenergy 
provides many environmental advantages. Thus a farmer in order to adopt an energy crop needs economic 
motivation as for instance high returns (income) or even income stability. The role of the Common Agricultural 
Policy (CAP) on this issue is pivotal, as its major future objectives of the future CAP is to contribute significantly to 
farm income and to confine income variability, recalling that price and income volatility and natural risks are greater 
in size than in other sectors, while farmers’ incomes and profitability levels are on average below those in the rest of 
the economy (European Commission, 2010). The introduction of direct payments has been essential for consistent 
market-oriented reforms, enhancing the competitiveness of the agricultural sector by encouraging farmers to adapt 
to market conditions. Furthermore, the reformed CAP offers a safety net used in cases of significant price declines 
compared to the extended use of market measures widely used in the past (Shucksmith et.al, 2005).  
 Furthermore, a farmer’s decision is also determined by the existence of trusted information spread through 
differentiated channels involving technical and agronomic aspects of cultivation, as well as economic returns and 
contract agreements on energy crops (2015; Villamil et al., 2008). 
The low demand for inputs of energy crops along the directive (Directive 2009/28/ΕU), for the promotion of 
renewable energy make energy crops an important solution for the energy problem in EU.  
For all the aforementioned reasons with the assistance of linear programing we determine the crop that provides 
the maximum income under different CAP scenarios.  
 
3. Research Area   
The research area in our study involves the prefecture of Evros, an agricultural area with many and different 
crops, characterized by a significant land use for bioenergy purposes. The data employed for the particular survey 
are based on the existing literature. 
 
4. Methods 
The present paper surveys the change in farm income acquired by crop cultivation applied as energy crops in 
order to choose the most profitable cultivation among the sunflowers; cultivation, the winter rapeseed, to non- 
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irrigated areas and the cultivations of the sunflower, rapeseed and corn to irrigated lands under three different 
scenarios according to the CAP reform related to the subsidies.  
S1 denotes the subsidies accorded to the first scenario of CAP in 2013.  
S2 denotes the subsidy accorded to the second scenario according to the CAP reform occurred in 2013 until 2020, 
where the farm income is formatted through the basic aid (S2.1), the basic and the green aid (S2.2), as well as the 
aid for the young farmers S(2.3),  
S3 denotes the scenario according to which no subsidies are included that is expected to be valid after the year 
2020. 
 Secondary data are employed and are based on the existing literature review.  
For the comparison among the cultivations for the three different scenarios and the selection of the most 
profitable crop the method of linear programming was employed with the assistance of Solver add in. The objective 
function employed for the three scenarios not only to irrigated but also to non irrigated areas is given by the 
following formula;  
                                                  ݉ܽݔ݅݊ܿ݋݉݁ ൌ ߑሺܩܯ݅ ൅ ܵ݅ െ ܸܥ݅ሻܺ݅                         (1) 
 
Where  Xi  is the crop i, GMi is the gross marginal profit of crop i, Si is the subsidy of crop i and VCi is the 
variable cost of crop i. 
With the following restrictions for the land : 
Xi ≤ the land covered by the plant i.  
Xj ≤ the land covered by the plant j. 
Xi+Xj ≤ of the crop with the greater area.  
Xi+Xj ≥0 
With restrictions for the irrigated lands : 
Xi ≤ the land covered by the plant i. 
Xj ≤ the land covered by the plant j. 
Xk ≤ the crop cultivated by plant k. 
Xi+Xj+Xk ≤ of the crop with the greater area.  
Xi+Xj+Xk≥0 
To be more specific, the price of the energy crop the production as well as the land cultivated by each plant in the 
prefecture of Evros are derived by the existing bibliography. Having these variables we calculated the marginal 
profit for every crop.  In addition, we calculated the variable cost and the corresponding direct aids for every crop 
leading to the following objective function and restrictions respectively for each scenario: 
Non irrigated lands 
 
S1: ͷ͵ǡʹ כ ܺͳ ൅ ͳͷǡͶͺ כ ܺʹ 
With restrictions : ȱͳ൑ͷͷǤͲͲͲǡȱʹ൑ͳͷͲǤͲͲͲǡȱͳ൅ȱʹ൑ͳͷͲǤͲͲͲǡȱͳ൅ȱʹ൒Ͳ 
ʹǤͳǣͶ͸ǡ͵ כ ͳ ൅ ͺǡͷͺ כ ʹ 
With restrictions : ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൒ Ͳ 
 ʹǤʹǣ͸Ͷ כ ͳ ൅ ʹ͸ǡʹͺ כ ʹ 
With restrictions : ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൒ Ͳ 
 ʹǤ͵ǣ͸ͻǡ͸ כ ͳ ൅ ͵ͳǡͺͺ כ ʹ 
With restrictions: ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൒ Ͳ 
 ͵ǣʹ͵ǡͺ כ ͳ ൅ ሺെͳ͵ǡͻʹሻ כ ʹ 
With restrictions: ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൒ Ͳ 
where Χ1: the land cultivated by sunflower in Evros prefecture and 
Χ2:  the region cultivated by rapeseed in Evros prefecture  
 
Irrigated lands 
 
 ͳǣͻ͵ǡʹ כ ͳ ൅ ͷ͵ǡͶͺ כ ʹ ൅ ͳͲͷǡͻ כ ͵ 
With restrictions: ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൒ Ͳ 
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 ʹǤͳǣͺ͸ǡ͵ כ ͳ ൅ Ͷ͸ǡͷͺ כ ʹ ൅ ͻͶǡͳ כ ͵ 
With restrictions: ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൒ Ͳ 
      ʹǤʹǣͳͲͶ כ ͳ ൅ ͸Ͷǡʹͺ כ ʹ ൅ ͳͳͳǡͺ כ ͵ 
With restrictions: ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൒ Ͳ 
 ʹǤ͵ǣͳͲͻǡ͸ כ ͳ ൅ ͸ͻǡͺͺ כ ʹ ൅ ͳͳ͹ǡͶ כ ͵ 
With restrictions: ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൒ Ͳ 
     ͵ǣ͸͵ǡͺ כ ͳ ൅ ʹͶǡͲͺ כ ʹ ൅ ͹ͳǡ͸ כ ͵ 
With restrictions: ȱͳ ൑ ͷͷǤͲͲͲǡ ȱʹ ൑ ͳͷͲǤͲͲͲǡ ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൑ ൅ȱ͵ ൑ ͳ͹ͲǤͲͲͲǡ ȱͳ ൅ ȱʹ ൅ ȱ͵ ൒ Ͳ 
Where  Χ1: the land cultivated by sunflower in Evros prefecture 
 Χ2 the land cultivated by rapeseed in Evros prefecture 
Χ3: the land cultivated by corn in Evros prefecture. 
5. Results 
In the case of non-irrigated areas greater agricultural income is acquired by the cultivation of sun flower while in 
irrigated areas this result is valid for the cultivation of corn.  
Table 1 : Results of linear programming under different scenarios. 
Scenarios Agricultural income €/acre 
Non – irrigated areas 
(Sun flower ) 
Irrigated areas 
(Corn) 
S 1 53,2 105,9 
S 2.1 46,3 94,1 
S 2.2 64 111,8 
S 2.3 69 117,4 
S 3 23.8 71,6 
Source: Own calculations.  
    
S1: Farm income based on cap subsidies of  2013. 
S2.1: Farm income based on cap subsidies 2014, Basic subsidy. 
S2.2: Farm income based on CAP subsidies of 2014, Basic and green subsidy 
 S2.3: Farm income including CAP subsidies of 2014. Basic, Green and income aid of new farmers. 
S3: Farm income without subsidies.   
Within the next graphs are presented the composition of agricultural income for the three cultivations under 
review (sunflower, corn and rapeseed) under different policy scenarios implemented within the CAP regime.  
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                      Source; Own calculations 
Fig.2: Formation of agricultural income for the cultivation of corn under different policy scenarios. 
In the case of corn cultivation in irrigated areas the subsidy reaches almost 1/3 of the farm income under all 
different scenarios with exception that of the third one for which the farm income was calculated without subsidies 
while the rest of it was based to the outcome of price multiplied by the quantity.  
 
 
Source: Own calculations  
Fig.3: Formation of agricultural income for the cultivation of sunflower under different policy scenarios. 
 
 
 
 
In the case of non - irrigated areas covered by sunflower subsidy overcomes 50% of agricultural income with 
exception that of the third scenario.  In a few cases as for instance under the condition a producer receives the basic, 
the green as well as the aid of young farmers the direct payments reach  65,82% of the farm income.     
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6. Conclusions - Proposals  
According to the results higher income is acquired by the cultivation of the sun flower compared to that of 
rapeseed in non irrigated areas while in irrigated areas highest income comes from the crop of corn compared to the 
crop of sunflower and rapeseed.  
In addition an increase in the farm income is observed due to the reforms in direct aid of CAP 2013-2020 
compared to the CAP of 2013. 
The increase in farm income with the new CAP 2013-2020 is attributed to the fact that municipality of Evros did 
not have high value of rights while the mean value is lower than the mean value in Greece under the regime of direct 
payments in 2013 having as a result for the majority of the farmers to observe an increase in their revenues until to 
reach the mean value of the rights to reach 60% depending on the periphery they belong to.  
Rapeseed was cultivated in Greece as energy crop and it was mainly in the county of Evros replacing in most 
cases crops of cereals in non irrigated areas. Though according to our findings the crop of sunflowers in non 
irrigated areas offers higher farm income compared to the crop of rapeseed. Since, both crops are energy crops the 
price of the oilseed is characterized by a limited volatility (0,38€/Kg until 0,42 €/Kg) with the same productivity in 
the number of seeds the higher farm income is related to the higher variable cost of rapeseed.  
In addition the farm income by sunflowers in non irrigated cultivations depends in great proportion by the direct 
aid of CAP overcoming 50% under all the scenarios with greater dependence (65,82%) and higher farm income with 
the new CAP under the scenario in which the producer gets the basic subsidy, the green subsidy and the support of 
the new farmers having as a result in the third scenario where no aid is provided to decrease significantly..         
In irrigated areas the greatest farm income is acquired by the crop of corn that was not used as energy plant in the 
present paper in comparison to two other energy crops.In addition the crop of corn is strongly depended by the direct 
aid (30% until 40%), depending on the scenario and in particular the dependence of farm income as well as the farm 
income increase along with the direct aid of CAP. In particular, higher farm income comes about also in the case 
where the producer gets the basic, green and new farmers; subsidies.   Under the third scenario the producer does not 
get direct aid a reduction is observed reaching 40%. 
The highest farm income in irrigated areas comes from the crop of corn due to the high return of the plant (almost 
1500 Kg/acre), compared to other cultivations with 300 Kg/acre and with not the price of corn (0,18€/Kg-0,22€/Kg) 
that is lower than the price of the other crops.  
Energy crops are considered as renewable energy sources and may well be used as a means of mitigation of the 
climatic change and the reduction in the exploitation of fossil fuels. Energy plants may well replace the conventional 
crops and to become a profitable choice while they can be chosen for low productivity areas and may well compete 
and replace crops cultivated in fertile soils and irrigated areas like corn.  
The cultivation of the energy crops is a necessity for the confrontation of the greenhouse effect and the reduced 
dependency on crude oil. The energy plants may well replace and support the farm income in cultivations with high 
rights’ value and with the CAP reforms 2013-2020 reduce the direct aids while they can be used as a second 
cultivation from the farmers and to fulfill the conditions of the green subsidies.   
   The cultivation of energy crops should be selected with the criterion the global food security having as an 
objective not only the energy production based on renewable sources but also the increase in the production of 
agricultural products in order their demand to be satisfied within the last decades.    
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